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Over the last century, the intensity and frequency of forest disturbance has 
increased due to a warming climate resulting in stressed environments which are 
susceptible to fire, disease, and insect infestation. Consequently, the need to accurately 
monitor change in ecosystems for resource management and sustainability has 
intensified.  
The Image-based Change Estimation program (ICE), developed by the US Forest 
Service Forest Inventory & Analysis (FIA) program and the Geospatial Technology 
Applications Center was initiated in response to the 2014 Farm Bill calling for more 
timely and accurate estimates of  land cover and use change. ICE monitors change 
throughout the US on a state by state basis; each FIA plot is assessed using high 
resolution imagery from two dates in time.  In the western US, FIA measures 10% of the 
plots each year to report on status, trends, and sustainability of our Nation’s forests. 
However, this 10 year cycle misses disturbances because a temporal gap occurs from 
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disturbance event to measurement. 
This study compares field- and image-based observations of land cover and use 
change to improve sampling procedures in Utah. Image-based data collected from 2011 
and 2014 imagery and field-based plots measured between 2011 and 2016 are compared 
using three methods to compile the ICE data, termed hierarchical, majority, and point 
center, to determine a standardized system and better understand the relationships. The 
hierarchical method resulted in a better agreement of ICE image-based land cover to FIA 
field- and image-based land cover. However for land use, the majority method had a 
slightly better agreement. 
Additionally, ICE change agents were compared with causes of tree mortality 
observed on FIA forest plots to assess how well ICE evaluates causes of change. ICE 
correctly identified agents of change occurring on FIA plots ~37% of the time. These 
differences of change vs. mortality agents were explored by conducting a second review 
of the imagery to find trends in data discrepancies.  It was determined that change agents 
associated with woodland and aspen forest types were often missed depending on the 
type and severity of disturbance. This knowledge can help image interpreters better 
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The intensity and frequency of disturbance has increased over the last century due 
to trends of warmer winters, less snow pack, and rising peak summer temperatures 
resulting in stressed forest environments that are more susceptible to fire, disease, and 
insects (Cohen et al. 2016). As a result, the need to more accurately monitor disturbance 
and recovery in forest ecosystems for resource management has intensified (U.S. 
Congress 2014). 
The US Forest Service Forest Inventory & Analysis program (FIA) is mandated to 
collect detailed vegetation data on a systematic grid of plots across the US to report 
status, trends, and sustainability of our Nation’s forests through time. In the western US, 
FIA samples 10% of the plots each year. This 10 year cycle makes sense for assessing 
growth and yield in the slower growing forests of the interior west. However, with the 
intensity and frequency of forest disturbance on the rise, more recurrent monitoring is 
needed to capture change brought on by disturbance for carbon assessment and to inform 
management decisions (Schroeder et al. 2017).  
In 2009, FIA determined that in order to better track tree land cover and forest use 
they must do a better job at also tracking land cover and use outside of forested areas to 
capture afforestation.  Consequently, FIA re-assessed their protocols and implemented 
remote sampling procedures for non-field visit plot locations. The protocols include aerial 
imagery-based data collection of land cover and use along with an estimate of tree 
canopy cover for non-visit plots. The imagery-based data are collected on a 10 year cycle 
as well, prior to each FIA field inventory season, in order to determine which plot 
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locations require a field-based sample and which plots will have an image-based sample. 
This was a simple solution which fit well with currently established procedures of 
previewing plot locations to determine the need for a visit. However, it did not increase 
the sampling frequency in order to better monitor land cover and use change through 
time. 
Also in 2009, a resolution by the National Association of State Foresters 
requested more timely and accurate estimates of forest land cover and use as well as 
tracking of how cover and use change over time. This request was formalized in the 
Section 8301 of the Agriculture Act of 2014 (U.S. Congress 2014) which includes eleven 
provisions, including provision 9 to: “(9) Understand and report on changes in land cover 
and use.” FIA’s most recent Strategic Plan (USDA Forest Service 2012a) details how this 
national program will fulfill requirements of the Agriculture Act of 2014, calling for the 
expansion of “remote sensing research to improve monitoring of land cover and land use 
at finer geospatial scales.” 
Motivated by these new information needs, the Image-based Change Estimation 
project (ICE) was developed by FIA and the US Forest Service Geospatial Technology 
and Applications Center (GTAC) to determine an efficient and repeatable workflow to 
sample land cover and use on FIA plots more often to better assess change over time. ICE 
involves collecting imagery-interpreted observations of land cover and use along with 
agent of change data on FIA plots using two dates of National Agricultural Imagery 
Program (NAIP) imagery (Webb et al. 2012).  NAIP is high-resolution (1 m) aerial 
imagery acquired during the growing season across the US (USDA Farm Service Agency 
n.d.). These data are intended to be collected every 2-3 years on the FIA grid in 
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accordance with the NAIP acquisition schedule which would increase imagery-based 
sampling frame of FIA plots in the western U.S. from once in a 10 year cycle to 3 or 4 
times within a 10 year cycle. 
The overarching goal here is to explore how aerial image-based observations of 
land cover and use change compare to field-based observations in order to improve 
image-based sampling procedures in the state of Utah. The specific objectives include: 
1. Compare image-based land cover and use collected using ICE procedures 
from 2011 and 2014 imagery to land cover and use collected in the field and 
from imagery using FIA procedures, assessing their agreement based on 3 
different methods of combining ICE data by plot. 
2. Compare image-based change identified by ICE procedures with mortality 
observed on field-based FIA forest plots.  
3. Explore causes of differences in change vs. mortality through detailed 
examination of specific plot examples. 
Describing, quantifying, and understanding the root causes of the differences between 
these two observation systems helps FIA specialists and users alike to gain a clearer 






The study area consists of the state of Utah covering 54.3 million acres of which a 
little over one-third is categorized as forest land use (Werstak et al. 2016) as defined by 
FIA (Reams et al., 2005). Forest land is further classified into 10 forest-type groups 
(Werstak et al. 2016) which depict the type of tree cover within each group. The majority 
of the area is composed of two woodland forest-type groups. The pinyon/juniper group at 
59 percent or 10.7 million acres stretches from portions of northern to southern Utah in 
semi-desert to desert areas of 5000 to 8000 feet in elevation. This is followed by the 
woodland hardwoods forest-type group made up of deciduous oak, mountain mahogany, 
and intermountain maple woodland forest-types is the second most abundant group at 14 
percent or 2.5 million acres. The next five most common forest-type groups include the 
aspen/birch forest-type group (9 percent or 1.6 million acres) followed by the 
fir/spruce/mountain hemlock forest-type group (8 percent or 1.5 million acres), the 
Douglas-fir forest-type group (553 thousand acres), the lodgepole pine group (427 
thousand acres) and the ponderosa pine group (347 thousand acres). The remaining ~3.8 
percent consists of elm/ash/cottonwood (62 thousand acres), other western softwood (62 
thousand acres), and other various low tree cover (less than 10% tree cover)  groups (574 
thousand acres), (Werstak et al. 2016). 
The 2007 National Resource Inventory (NRI) conducted by the USDA, Natural 
Resources Conservation Service provides estimates of non-federal land use by Farm 
Production Regions (FPR) across the United States. Utah falls within the Mountain FPR 
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which includes Idaho, Montana, Wyoming, Nevada, Utah, Colorado, Arizona and New 
Mexico. The 2007 NRI determined that federal land accounts for 48% of the land use 
within the Mountain FPR. The land uses within federal land are not accounted for in the 
report but, they are roughly 1/3 forest and 2/3 rangeland use. The remaining non-federal 
land uses are reported as 34% rangeland, 7% cropland, 5% forest, 1.7% developed, 1.5% 
pastureland and 3% other land uses (USDA 2009). 
 
Collection Procedures and Data Types  
Forest Inventory and Analysis (FIA) 
Plot Design 
The Forest Inventory and Analysis (FIA) phase 2 (P2) plots are randomly located 
on a hexagonal sampling frame at a density of 1 plot per 5937 acres (2403 ha) as part of 
the FIA’s annual inventory design (Reams et al. 2005). FIA collects land cover, use and 
tree canopy cover from all P2 plots by either field or aerial image-based observations as 
well as detailed forest vegetation information from forest field plots (Table 1). The field-
based plot design consists of four 24 ft. (7.32 m) fixed radius subplots arranged with one 
subplot in the center and three subplots placed 120 ft. (36.58 m) out at 360º, 120º and 
240º (Figure 1). These subplots occur within the image-based plot design, a 144 ft. (43.89 
m) fixed radius plot covering about 1.5 acres (6052 m2) (Figure 2).  In the western half of 
the United States, the field- and image-based plots are sampled on a 10 year cycle where 




For this study, the FIA data collected from the condition occurring at the center 
point of each plot were used to maintain consistency since the aerial image-based data is 
based on the area point center falls within. A FIA condition whether forest or non-forest 
must consist of relatively uniform land cover or use and must also meet specific size 
requirements of at least 1 acre (4047 m2) or 120 ft. (36.58 m) wide by 363 ft. (110.64 m) 
with exception of right-of-ways which have no minimum size requirements (USDA 
Forest Service 2012b). The majority of the field-based sample plots are considered forest 
as defined by FIA. A forest plot is required to have a forest condition with at least 10 
percent canopy cover of live tally tree species or must have previously met the 
requirements and is not subject to a non-forest use(s) or development. Therefore, a forest 
plot that has experienced a disturbance such as fire or harvest is still defined as a forest 
plot, since it is likely that seedlings will establish and replenish the area with trees. A 
field-based plot may consist of one or more forest or non-forest conditions or have a 
mixture of forest and non-forest conditions on a plot.  
A FIA image-based sample plot has either been visited in the field on a previous 
inventory cycle to determine that it is a non-forest plot or is judged as non-forest with no 
possibility of forest when the imagery is viewed. Image-based plots typically consist of 
less than 10 percent live tally tree cover and in cases where the tally tree cover exceeds 
the 10 percent threshold, the land use forestalls normal regeneration and succession. 
Therefore, a plot that falls within an orchard or Christmas tree farm may have 10 percent 
or more tally tree cover however the agricultural land use prevents natural regeneration 
and succession. Image-based plots may occur in natural areas such as various grassland, 
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shrub land, or woody non-tally tree biomes or in anthropic areas such as agricultural land 
or developed areas (USDA Forest Service 2014).  
Non-sampled plots may occur when a plot is selected for a field visit based on the 
likelihood that it has at least 10 percent or more tally tree cover, but the sample is 
prevented for various reasons. Some examples include, instances where the land owner 
refused access or plots where access or data collection on the plot is unsafe or hazardous 
such as a plot occurring in extremely steep or cliffy terrain.  
 
Image-based Change Estimation (ICE) 
The Image-based Change Estimation project is also an image-based sample of the 
FIA P2 sampling frame. However, ICE samples the entire grid of FIA plots at 2 points in 
time collecting land cover and use as well as change from time 1 to time 2. As described 
above, the plot design is a 144 ft. (43.89 m) fixed radius plot encompassing all 4 FIA 
subplots. The image-based plot is observed at time 1 and time 2 where if there is no 
observed change, land cover and use are collected from 5 evenly distributed points 
(Figure 2). If change (excluding seasonal change or vegetation expansion/canopy closure) 
is observed from time 1 to time 2, land cover and use are collected from an additional 40 
points along with the change agent depicting the cause(s) of change from time 1 to time 2 
(Figure 2), (USDA Forest Service 2016). 
 
Research Design 
Comparison of ICE Image-based Data with FIA Field- and Image-based Data 
This study uses a standard agreement matrix to compare aerial image-based ICE 
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land cover and use data collected from FIA P2 plots using imagery from 2011 and 2014 
to land cover and use data collected from the same plots using FIA field-based and 
image-based procedures.  
 
Land Cover and Use Data 
Land cover and use data in Utah for FIA and ICE are listed in Tables 2 and 3. The 
data classification categories are fairly similar except, the ICE classification categories 
are somewhat less detailed. FIA identifies some additional land cover classes which 
actually classify land use instead of cover. These include agricultural vegetation, 
developed vegetated, and developed. Additionally, ICE identifies down dead woody 
debris and uninterpretable categories as well although only a handful of ICE points where 
identified in these categories in Utah. Then for land use occurring within Utah, FIA 
breaks agricultural land into several categories including a general agricultural land 
category, cropland, pasture, idle farmland and windbreak/shelterbelt where ICE only 
distinguishes between farmland, agricultural woody cropland, and other agriculture. Both 
FIA and ICE divide developed land into cultural, rights-of-way, recreation, and strip 
mines/quarries/gravel pits. However, FIA allows interpreters to code land as developed if 
it doesn’t seem to fit into the other developed categories. Then, the classification of other 
non-vegetated land in ICE is split among other, non-vegetated, and beach in FIA. Finally, 




Forest Inventory and Analysis (FIA) Plot Data and Image-based  
Change Estimation (ICE) Plot Data Compilation Methods 
 
ICE data are a point-based sample where each point within the ICE plot is 
assigned a land cover, use, and a change agent for plots with change from time 1 to time 
2 where FIA land cover and use samples are condition-based samples. Therefore an ICE 
plot has 5 points or 45 points on plots with change in which the land cover, use and 
change agents are identified where FIA image-based plots are assigned a land cover and 
use for the condition in which point center occurs. FIA field-based plots are assigned a 
land cover for each condition occurring on plot as well as a land use for non-forest 
conditions. Land use is forest for all forest conditions. In this study, the FIA land cover 
and use for the condition in which point center occurs on image- and field-based plots are 
compared to the ICE land cover, use and change agent for plots with change represented 
by the plots. The representative land cover, use and change agent for each ICE plot was 
determined using 3 separate methods in order to assess the most effective method of 
comparing ICE data to FIA data. The methods are termed, the hierarchical method, the 
majority method and the point center method for the purposes of this study. 
The hierarchical method of combining the point data is based on the definitions 
that FIA uses to assign land cover and use (Table 5).  FIA assigns land cover based on a 
hierarchical key where the tallest cover type with at least 10 percent cover is assigned as 
the land cover (Table 5). Therefore, a condition with 55% vegetative cover where 15% is 
tree, 20% is shrub, and 20% is forbs and grasses, is assigned a cover class of treeland. 
However, if the trees are shorter than the shrub and/or forb and grass cover (i.e., the 
majority of the tree cover are seedlings which have not over topped the tallest cover) the 
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land cover for the condition is either shrubland or grassland (forbs and grasses) class 
depending on the cover which is tallest. Then for land use, FIA only assigns land use to 
non-forest conditions since land use for forest conditions is forest (Table 3). Similarly 
using the hierarchical method to combine the ICE data, if the land cover point data for a 
plot has 10% or more points identified as tree the representative cover is tree and if the 
proportion of tree points are less than 10% but the shrub points are greater than 10%, the 
representative cover is shrub. Then for land use, if 10% or more of the points are forest, 
then the land use is forest and if less than 10% of the points are forest then the land use is 
assigned based on the land use that represents the greatest proportion of the points. If 
there happened to be a tie, the decided land cover or use was also based on hierarchy 
following the order in which they are listed in tables 2 and 3. If the proportion of tree 
points or forest points tied with the proportion of another land cover or use, respectably, 
it was given priority over everything the land cover or use listed further down in tables 2 
and 3. 
The majority method used to combine the ICE data for each plot is based on the 
land cover and use which represents the greatest proportion of the points for each plot. In 
this case like the hierarchical method, if there happened to be a tie, the decided land cover 
or use was also based on hierarchy following the order they are listed in tables 2 and 3. If 
the proportion of tree points or forest points tied with the proportion of another land 
cover or use, respectably, it was given priority over everything the land cover or use 
listed further down in tables 2 and 3. 
Finally, the point center method uses the ICE land cover and use data assigned at 
plot center to represent the entire plot. Land cover and use results from each of these 
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methods are compared to data collected from 2007 to 2016 as well as during the same 
time period using FIA procedures in the field and from imagery using a standard 
agreement matrix to depict the agreement for each method with FIA data.  
 
Comparison of Image-based and Field-based Disturbance Data 
Disturbance or Change Agents 
The change agents collected using ICE procedures from plots where change is 
observed from 2011 (time 1) to 2014 (time 2) imagery are classified as stress and 
mortality, fire, harvest, vegetation loss or removal, natural regeneration of vegetation, 
development and unknown (Table 6). Plots where ICE observed change were compared 
to mortality found on FIA field-based plots measured after the imagery was flown in 
2011. Mortality trees identified on field-based plots are assigned a mortality agent and 
mortality date based on their cause of death. A mortality tree is a dead tally tree 5 in. or 
greater in diameter which was alive during the previous inventory but is found dead or 
removed when the plot is remeasured (USDA Forest Service 2012b). The mortality date 
is an estimate of the year since the previous inventory that the tree died. FIA mortality 
agents include death due to insects, disease, weather, fire, silvicultural activity, animal, 
suppression or competition, or unknown (Table 6). The estimated mortality dates of 
mortality trees which occurred on field-based plots measured after the 2011 NAIP 
imagery was flown were used to identify plots with mortality trees that died between 
2011 and 2014. Then the mortality trees for each plot where consolidated by their 
mortality agent (insect/disease, weather, fire, siliviculture, suppression or competition, 
animal, or unknown) and the plot was assigned a single mortality agent based on the 
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mortality agent associated with the largest number of mortality trees. The post 2011 field-
based disturbance plots were then compared using a standard agreement matrix to the 
change plots identified by ICE to determine how well ICE procedures were able to detect 
actual change by agent measured by mortality. 
 
Re-evaluation of NAIP Imagery Associated with ICE Change  
and Field-based Mortality 
A second evaluation of 327 plots consisting of the plots identified as change with 
ICE procedures or found to have FIA mortality occurring from 2011 to 2014 were 
examined by re-viewing the NAIP imagery from 2011 and 2014 to assess how well ICE 
identified plots with change and correctly assigned agents of change. For each plot, 
change from time 1 to time 2 was reassessed and given a rating indicating how easily the 
change was observed. The possible ratings of change include: a rating of obvious, visible, 
difficult to discern, occurred outside of plot area but not within, occurred before 2011, or 
un-detectable. The results will be categorized by forest type, whether or not ICE 





ICE vs. FIA Land Cover and Use Agreement Matrices 
Land Cover 
FIA sampled land cover on 1828 field-based and 2729 image-based plots for a 
total of 4557 of the plots inventoried between 2013 and 2016. These plots were compared 
to image-based data sampled by ICE with 2011 and 2014 NAIP imagery. Agreement 
matrices for each method depicting land cover categories used in ICE and FIA are 
presented in Figure 3. The hierarchical method for compiling ICE land cover data 
resulted in a higher overall agreement of 70% compared to 59% for the majority method 
and 56% for the point center method when compared to FIA land cover data. The Kappa 
Coefficient (Figure 4) ranging from -1 to 1 was calculated for each method in order to 
provide another agreement scale where a 0 indicates that the agreement is random, 1 
indicates complete agreement and -1 indicates no agreement. The hierarchical method 
produced a Kappa of 0.55, followed by 0.43 and 0.40 for the majority and point center 
methods. The Kappa Coefficient for each method implies that the agreement is better 
than random although not much better. Table 4 is a consolidation of the percent 
agreement of the ICE compilation methods in Figure 3. The greener cells depict a greater 
chance that the land cover identified for a plot by FIA or ICE procedures will also be 
identified by ICE or FIA procedures in the same category by the different ICE 
compilation methods. Therefore based on the hierarchical method, a plot identified as 
treeland or shrubland categories by FIA has a high chance, 87% for treeland and 70% for 
shrubland that it will also be tree or shrub with ICE and the opposite scenario for ICE tree 
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or shrub to be treeland or shrubland with FIA also has a fairly good likelihood of 77% for 
tree and 83% for shrub. Furthermore, herbaceous (25%), barren (50%) and water (90%) 
categories identified by ICE also have a greater agreement using the hierarchical method 
than with the majority or point center methods where their percent agreement drops in 
percentage. But, the percent agreement under the majority method for FIA grassland/ag. 
veg. (46%), barren (63%), and water (90%) categories are less likely to be herbaceous, 
barren or water with the hierarchical method. Then for developed/maintained non-
vegetated cover the percent agreement for FIA and ICE is less using the hierarchical 
method than with the majority or point center methods. The percent agreement for the 
water cover stays fairly consistent regardless of which method is used ranging from 87% 
with the hierarchical method to 90% with the majority and point center methods. 
The yellow highlighted cells in Figure 3 indicate areas where one category is just 
as likely (light yellow) or more likely (dark yellow) to be identified as another category 
than as a matching category. Herbaceous/grassland categories for FIA and ICE are more 
likely to be identified as a shrub than as herbaceous/grassland which may have to do with 
the difficulty of distinguishing herbaceous verses shrubby vegetation with aerial imagery. 
Also, plots identified as barren by ICE regardless of the method were around ½ to twice 
as likely to be identified as shrub with FIA procedures. Then developed/maintained non-
vegetated categories for FIA and ICE where more likely to be identified as land cover 
vegetation categories within ICE or FIA and with ICE they were just as likely to be 
identified as barren by FIA procedures.  Based on the relationship between each method 
the hierarchical method has better agreement with FIA land cover overall however it may 
overestimate tree and shrub cover categories and conversely underestimate herbaceous, 
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barren and developed cover categories. 
In an attempt to better understand FIA and ICE collection procedures, direct 
comparisons of FIA image-based data collected from 2011 and 2014 NAIP imagery as 
well as field-based data collected in 2014 were compared to ICE data collected from 
2011 and 2014 NAIP imagery. Only field-based data from 2014 were compared because 
FIA began collecting land cover data in 2013. The 2011 land cover comparison consisted 
of 517 plots made up of all available FIA and ICE image-based plots where the data was 
collected from NAIP 2011 imagery. These data are presented in Figure 5 where the 
agreement matrices depict comparisons of FIA land cover data to ICE data compiled with 
the hierarchical, majority and point center methods. These matrices reveal similar 
likelihood of consistency or inconsistencies between FIA or ICE land cover categories 
and their likelihood to be identified in a like category by ICE or FIA as in Figure 3. The 
hierarchical method had the greatest overall agreement of 67% compared to 57 and 53% 
with the majority and point center methods. The Kappa Coefficients are low, 0.36 for the 
hierarchical, 0.29 for the majority, and 0.28 for the point center methods most likely due 
to high number of shrub land cover plots compared the other categories. 
The 2014 land cover data comparisons include 1517 FIA and ICE image-based 
plots collected from NAIP 2014 imagery (Figure 6). Once again, the hierarchical method 
of compiling the ICE data produced greater overall percent agreement of 68% compared 
to 61 and 59% for the majority and point center methods. There is a small increase in the 
Kappa Coefficients due to a greater number of comparable plots at 0.41, 0.36, and 0.35 
for the hierarchical, majority, and point center methods but it is still low due to the 
proportionally high number of shrub plots compared to other plots. 
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Then in Figure 7, there were finally 308 field-based plots measured during 2014 
which were added to the comparison of 1517 image based plots. This addition of the 
field-based plots increased the overall percent agreement in the hierarchical method to 
71% and brought the Kappa up to 0.54 as well as increasing consistency of percent 
agreement of shrub, tree, and water for each method. The hierarchical method of 
compiling ICE land cover data resulted in an 89% agreement in which a plot designated 
as tree cover with FIA procedures will also be tree cover with ICE procedures and a 71% 
agreement where a plot designated as tree cover with ICE procedures will also be tree 
cover with FIA procedures. Conversely, the majority and point center methods resulted in 
only a 63 and 61% agreement that a plot designated as tree cover with FIA procedures 
will also be tree cover with ICE procedures but a 90 and 88% agreement that a plot 
designated as tree cover with ICE procedures will also be tree cover with FIA procedures. 
The change in percent agreement form FIA having a greater likelihood of tree cover to 
ICE having the greater likelihood can be explained by the hierarchical method of 
combining the ICE data. In this method, a non-change plot only needs to have 1 of the 5 
sample points designated as tree cover to be assigned as tree cover for the entire plot 
where with the majority method there must be 3 points designated as tree cover.  The 
yellow highlighted cells indicate a high incidence of categories identified as other 
categories by either ICE or FIA. ICE categories identified as barren, developed or other 
vegetation where more likely to be defined as shrub by FIA procedures and plots 
identified as developed were more likely to be defined as barren or shrub by FIA 
procedures.  
The Kappa Coefficient of agreement (Figure 4) was also calculated for the even-
17 
 
sided matrices in Figures 5, 6 and 7 which gives an indication of how close the 
classification is to a random classification. Kappa is lower with the majority and point 
center methods ranging from 0.28 to 0.43 indicating that the classification is closer to a 
random sample. The hierarchical method has a slightly higher Kappa values ranging from 
0.36 to 0.54 with the addition of more tree cover field-based plots indicating that the 
classification method has a less random agreement with FIA land cover.  
 
Land Use 
Land use is sampled by FIA on field-based non-forest conditions and in 2009 they 
began sampling land use on image-based plots as well. FIA sampled land use from 4165 
field-based plots and 4486 image-based plots for a total of 8651 plots from 2007 to 2016. 
These data were compared to the ICE land use data collect from the same plots in 2011 
and compiled by the hierarchical, majority, and point center methods. Each agreement 
matrix is presented in Figure 8.  
The overall percent agreement and Kappa Coefficients for each method were 
fairly close ranging from 79% and 0.65 with the hierarchical method to 80% and 0.67 for 
both the majority and point center methods. Categories of forest, rangeland, cultural, and 
census water had over a 70% agreement for both FIA and ICE procedures despite the ICE 
compilation method. The majority method produced the highest overall percent 
agreement as well as the greatest agreement indicating that a plot identified as forest or 
rangeland by ICE was also forest or rangeland by FIA standards and vice versa. Areas of 
concern marked with yellow highlighted cells indicate tendencies for wetland, rights-of-
way, recreation, non-vegetated, other, and non-census water categories to be identified as 
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either forest or range by ICE procedures regardless of the compilation method used.  
Direct comparisons of land use image-based data collected from 2011 and 2014 
NAIP imagery as well as FIA field-based data collected in 2011 and 2014 were also 
compared to ICE data collected from 2011 and 2014 NAIP imagery. Figures 9 and 10 are 
a comparison of FIA and ICE image-based data collected in 2011 and 2014. Percent 
agreement is fairly consistent, 85% for the 2011 imagery and 78 to 80% for 2014 
imagery, regardless of the ICE compilation method. There is also little variation among 
the Kappa Coefficients for 2011 and 2014. Land use data from field-based plots 
measured in 2011 and 2014 are included in the agreement matrices depicted in Figures 11 
and 12. The addition of field-based plots dramatically increases the percent agreement 
ranging from 80 to 91% with Kappa from 0.65 to 0.67 matrices regardless of the method.  
Agreement among ICE and FIA land use data is higher and more consistent than 
that of land cover data. This is occurring because the measurement procedures for land 
use by FIA and ICE are more consistent than the land cover procedures. Land use for FIA 
and ICE are based on the land use that the point falls in which must also meet minimum 
mapping unit standards of 1 acre and at least 120 feet wide, except for census and non-
census water which have other requirements and windbreaks, rights-of-way, developed, 
recreational and mining areas which do not have a minimum mapping unit (USDA Forest 
Service 2012b, 2014, 2016). 
 
ICE Land Cover and Use Change  
ICE land cover and use data from time 1 in 2011 and time 2 in 2014 were 
compiled using the hierarchical, majority, and point center methods and presented in 
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Figures 13-17 which depict the cover and use change from 2011 to 2014 in Utah.  Figure 
14, demonstrates how the hierarchical method favors tree land cover with 3261 non-
change plots and shrub cover of 3552 non-change plots over other vegetation, barren, 
developed and water cover when compared to over 1000 less tree and 200 to 400 less 
shrub cover non-change plots with the majority and point center methods. However, as 
demonstrated in Figures 3, 5-7 when comparing ICE land cover to FIA cover, the 
hierarchal method had greater overall agreement than the majority and point center 
methods.  
 
Land Cover Change in Utah 
Land cover change from time 1 to time 2 is displayed in Figure 15 graphs of cover 
categories depicting loss or gain of cover based on the ICE compilation methods in 
Figure 13. Here the hierarchal method tends to reflect greater change in tree and shrub 
cover than other vegetation, barren, developed and water land cover categories when 
compared to the majority and point center ICE compilation methods. Tree cover change 
is 0.26% loss using the hierarchical method compared to a 0.08% greater loss using the 
majority and point center methods. The hierarchical shrub cover has less of a loss, 0.03% 
but more of a gain, 0.18% compared to the majority method with a loss and gain of 
0.05% and the point center method loss and gain of 0.09%. Comparatively with the 
hierarchical method, land cover categories of other vegetation, barren and water indicate 
about 0.03 to 0.07% less change to no overall change in the case of developed land cover 
than with the majority and point center methods. 
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Land Use Change in Utah 
The hierarchical method of ICE compilation favors forest over rangeland when 
compared to the majority, and point center methods but to less of a degree than in land 
cover. The number of forest use non-change plots is 3706 with the hierarchical method 
compared to 3496 and 3485 with the majority and point center methods (Figure 15). Then 
in comparison, rangeland non-change plots are 4020 with the hierarchical method, around 
200 plots less than rangeland at 4212 with the majority and 4193 with the point center 
methods. Figure 17 and 18 depict a further comparison of each ICE compilation methods 
on land use along with the gain and loss from 2011 to 2014 by category. Each method 
indicates that there is a loss in forest by about 0.17% and a similar gain of rangeland by 
about 0.18%. However, the loss in forest and the gain in rangeland is 0.02% greater in the 
hierarchical and point center methods than the majority method.  
 
Change Agents 
The majority of land cover and use change in Utah between 2011 and 2014 was 
due to stress and mortality caused by insect, disease or drought occurred on 1.03% of the 
plots (Figure 19 a and b). Changes due to unknown causes and vegetation loss or removal 
followed closely behind at 0.82 and 0.77% of the plots in Utah. Then development 
resulted in change on 0.37% of the plots, followed by fire at 0.22%, natural regeneration 
of vegetation at 0.18% and harvest of 0.01%.  
 
Change vs. Mortality  
There were 1830 field-based FIA forest plots measured after the NAIP imagery 
was flown in 2011 and 302 plots were found to have at least one 5 inch diameter or 
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greater mortality tree that died from 2011 to 2014. The 1830 field-based plots were 
compared with the ICE change agent data collected on the same plots of which ICE 
found change on 76 plots. Figure 19, depicts the agreement between the FIA mortality 
agent data and the ICE change agent data. The overall agreement is fairly high at 83% 
however the Kappa Coefficient of 0.12 is considerably close to zero, suggesting that the 
relationship is not much better than random. Based on the percent agreement, there is 
41% likelihood that a stress and mortality plot identified by ICE will find mortality 
caused by stress from insects and disease when it is inventoried in the field. Conversely, a 
plot where FIA found mortality caused by insects, disease or weather has only an 11% 
chance of being identified as stress or mortality with imagery. The remaining 27 plots 
identified by ICE as change, consist of 6 fire agent plots, 1 harvest, 8 vegetation loss or 
removal, 1 with natural regeneration of vegetation, 3 with development, and 9 identified 
as unknown change. The total number of ICE fire, harvest and vegetation lost or removed 
plots where combined into 18 plots and compared to the combination of FIA fire and 
siliviculture plots totaling 29 in order to increase the number of change and mortality 
plots and better compare the categories.  A change plot where ICE determined fire, 
harvest, or vegetation loss or removal as the agent of change has a 47% chance that 
mortality from fire or siliviculture activities will have occurred when it is inventoried in 
the field. On the other hand, the chance that a field-based plot with fire or siliviculture 
related mortality will be picked up with ICE procedures as fire, harvest, or vegetation loss 
or removal is 24%. The remaining ICE change agents consisting of natural regeneration, 
development, and unknown change were grouped for a total of 8 plots with change 
having an 8% agreement indicating that mortality from suppression or unknown causes 
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will be inventoried in the field. Overall, there is a 54% likelihood that a plot where ICE 
found change will be found to have no mortality in the field and a 88% chance that a field 
plot with mortality was not be identified within in an ICE change category.. The chance 
that a plot where the imagery indicates no change also happens to have no mortality in 
the field has a considerably more likely occurrence of 85% and a 98% chance that a plot 
with no mortality will show no change. 
 
Re-evaluation of ICE Change Plots Compared to FIA Mortality Plots 
There were 327 plots which were re-evaluated from time 1 to time 2 to try and 
determine how easily the change was observed with the imagery (Figure 21). The 
possible ratings of change include: a rating of obvious, visible, difficult to discern, 
occurred outside of plot area but not within, occurred before 2011, or un-detectable. 
There were a total of 16 re-evaluated plots rated as having an obvious change, meaning 
that the change from time 1 to time 2 effected the majority of the trees on plot. Obvious 
changes were recognized by ICE in 13 and by FIA by mortality evidence in 12 out of the 
16 obvious change plots. Obvious changes occurred most often as a result of fire, 
followed by harvest or mechanical land clearing and in one incidence stress and mortality 
due to insect infestation in a lodgepole pine forest type. 31 plots were rated as visible, 
indicating that the change was visible from time 1 to time 2 but that less than half of the 
trees on plot were effected. The major change agent identified in this case was stress and 
mortality due to insect, disease, or drought. ICE identified change on 14 plots however 
there were 26 plots where FIA found mortality and ICE interpreters where unable to 
recognize the change from mortality on 17 of the plots. Plots that were rated as difficult 
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to discern change total 41 plots of which ICE indicated stress and mortality change agents 
on 14 plots and FIA recorded mortality on 37 plots. Then there were 52 plots where 
change was only noticeable prior to 2011 or outside of the sample plot however mortality 
trees where death was estimated between 2011 and 2014 were recorded during field-
based inventories on all of these plots. ICE procedures didn’t identify any of these plots 
as change. A total of 187 of the plots were rated as undetectable, of which 173 plots had 
mortality occurring between 2011 and 2014 based on FIA field data collected from 2011 
to 2016. Regardless of the undetectable rating, ICE interpreters indicated they observed 
change on 17 of the 187 plots rated undetectable however mortality was only recorded in 





Land Cover and Use Compilation Methods 
Land cover and use data collected using ICE procedures were compiled for each 
plot using the hierarchical, majority, and point center methods. The reason for comparing 
the three methods stems from the hierarchical collection procedures FIA uses to sample 
land cover and use. The hierarchical method had a higher percent agreement and Kappa 
Coefficient evident from the comparison of FIA and ICE land cover data. Although, the 
considerable increase in tree and shrub cover as well as the decrease in other land cover 
categories compared to the compilation data from the majority and point center methods 
sparks more questions about how land cover should be sampled in the field and remotely 
to depict land cover more accurately. Land use had a slightly better percent agreement 
and Kappa Coefficient with the majority method than the hierarchical and point center 
methods. There was still an increase in forest use evident with the hierarchical method 
however it was not as pronounced as tree and shrub land cover was with the same 
method. The consistency of comparing ICE and FIA land use data regardless of the 
compilation method is most likely a result of the similar minimum mapping unit 
requirements used to collect land use for both ICE and FIA procedures.  
It is important to point out that the agreement and the Kappa Coefficient values 
are typically higher when comparing land cover and use categories as a result of sampling 
with stratification. However in this comparison, the land cover and use results are 
interpreted in the field and from imagery by a visual evaluation of cover and use 
characteristics using similar but different procedures and methods. Also, a lower Kappa 
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Coefficient is often a result of one or two categories making up a large majority of the 
data when compared to the other categories and in such cases it may not necessarily 
reflect a lesser agreement. This relationship occurred in this study, when comparing the 
land cover categories where shrub data represented almost 80% of the data when 
compared to tree, other vegetation, barren, developed and water. The reason agreement 
matrices where used to compare the data was to satisfactorily demonstrate where the 
disagreements are occurring in order to help figure out why they are occurring. 
 
Exploring Causes of Differences in ICE Change and FIA Mortality 
Condition Disturbance vs. Mortality 
FIA collects a cause of death agent and date for mortality trees greater than 5 
inches in diameter as well as types of forest disturbance and siliviculture treatments 
resulting in mortality or damage to 25% or more of the trees in forest conditions since the 
last plot measurement or within the last 5 years (USDA Forest Service 2012b).  The 
disturbance and treatment data collected on forest conditions were considered along with 
tree mortality as a comparison to ICE change agent data. The tree mortality cause of 
death agent and mortality date data had a better consistency of indicating plots where 
change was observed with ICE procedures during the sampling window from time 1 to 
time 2. 
 
Disturbance Types, Forest Types and Severity 
The percent agreement produced from the comparison of ICE change agents and 
FIA mortality agents is lower than expected. As a result, the 2011 and 2014 imagery from 
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plots identified as change plots by ICE and the corresponding plots with mortality visited 
after 2011 were viewed an additional time to try and determine trends in the 
inconsistencies of the data. 
ICE change due to stress and mortality was mostly identified on spruce/fir forest 
types followed by lodgepole pine, aspen and woodland forest types where mortality 
occurring during 2011 to 2014 from insect and disease infestation was mostly found on 
woodland types followed by spruce-fir, aspen and then lodgepole pine in Utah. The 
additional viewing of the imagery indicated that stress and mortality occurring in 
woodland and aspen forest types due to insect and disease infestation is difficult to 
discern on the majority of the imagery. Change and mortality from fire, harvest and 
vegetation loss or removal were identified almost entirely in woodland forest types. The 
occurrence of patchy less severe fire was missed by ICE interpreters during the initial 
viewing of the imagery but noticed after the mortality data indicated death due to fire. 
Evidence of fire was not easily noticeable until the interpreter zoomed out to notice the 
patchy fire.  
The identification of change missed in the above instances could most likely be 
improved with the addition of more plot information like forest type, damage and 
disturbance history and canopy cover for each plot along with specific training aimed at 
recognizing patchy fire or stress and mortality within woodland and aspen stands. ICE 
procedures include access to color and false color imagery but the addition of boundary 





Image-based observations of land cover and use change of FIA plots sampled 
from NAIP imagery every 2 to 3 years increases the sampling of these data on FIA plots. 
Comparisons of field- and image-based observations indicate sufficient agreement of 70 
to 57% for land cover and high agreement of 80 to 79% for land use depending on the 
ICE compilation method. The hierarchical, majority, and point center methods for 
compiling ICE data by plot all represent suitable compilation methods. The hierarchical 
mimicked FIA collection of land cover resulting in a higher agreement between the data 
types. Agreement for land use observations was consistently high regardless of the 
compilation method with a slightly higher agreement with the majority method. 
Agreement among image-based change agents identified by ICE procedures compared 
with mortality observed on field-based FIA forest plots was considerably less with a 
Kappa Coefficient nearing zero indicating an almost completely random agreement.  
Differences in identification of change vs. mortality are found among forest types, 
disturbance types and severity. Many of these differences could most likely be addressed 
by providing more FIA plot information from previous field visits, more information 
from ancillary disturbance layers and more targeted training of image-based interpreters 
to recognize specific change agents. The addition of more frequent image-based 
observations of land cover and use change can be an asset to field-based observations in 
order to help FIA specialists and natural resource managers monitor land cover and use 
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TABLES AND FIGURES 
Table 1. Comparison of field- and image-based data collection differences for the 
Interior West Forest Inventory and Analysis (IW-FIA) program and the Image-
based Change Estimation (ICE) process. 
 
 FIA (Forest Inventory & 
Analysis) 2007 to 2016 
ICE (Image-based Change 
Estimation) 2011 (time 1) to 
2014 (time 2) 
 Field-based Image-based Image-based 
Remeasurement 
Period 
10 years 10 years 3 years 
Land Cover Based on the 
condition* 
Based on the 
center point 
condition* 
Based on 5 or  
45 points** 
Land Use Based on the 
condition 
Based on the 
center point 
condition 
Based on the land use each 
point 5 or  





Unknown General disturbance type 




tree died  
or was cut 
Unknown Mid-point of time 1 and time 2 
imagery 
* Land Cover data collection for FIA began in inventory year 2013.  
** 45 points sampled on plots where any change is present. Only 5 points sampled where 




Table 2. List of land cover categories for Forest Inventory and Analysis (FIA) and 
Image-based Change Estimation ICE). 
 
  Land Cover 





Grassland Herbaceous Agricultural vegetation 
Non-vascular vegetation Non-vascular vegetation 
 Down dead woody debris 
Barren Barren 
Developed Maintained non-vegetated  
Developed, vegetated 






Table 3. List of land use categories for Forest Inventory and Analysis (FIA) and 
Image-based Change Estimation (ICE). 
 
Land Use 
FIA  ICE  
Forest Forest 
Rangeland Rangeland 
Maintained wildlife opening 
Wetland Wetland/Riparian 
Agricultural land  
Cropland  
Pasture  
Idle farmland Windbreak/Shelterbelt 
Farmland 






Mining Strip Mines/Quarries/Gravel Pits 
Other 
Other Non-Vegetated Land Nonvegetated 
Beach 
Non-census Water Non-census Water 





Table 4. Comparison of percent agreement for Forest Inventory and Analysis (FIA) 
and Image-based Change Estimation (ICE) land cover categories by hierarchical, 
majority and point center ICE data compilation methods. Darker green cells 
indicate more agreement and lighter green to white cells indicate less. 
 




Method   
Majority 




Treeland 87.39% > 60.37% > 58.18% 
Shrubland 




34.41% < 45.98% > 43.41% Agricultural vegetation 
Non-vascular vegetation 0.00% = 0.00% = 0.00% 
Barren 55.90% < 63.37% < 64.58% 
Developed, vegetated 
5.10% < 18.37% < 30.61% Developed 




Method   
Majority 




Tree 76.66% < 90.82% > 89.15% 
Shrub 
82.62% > 77.59% > 77.46% 
Herbaceous 
25.24% > 21.25% > 20.27% 
Non-vascular vegetation 0.00% = 0.00% = 0.00% 
Barren 49.36% > 29.78% > 26.83% 
Maintained non-vegetated 
4.03% < 7.44% < 11.54% 
Water, ice, snow 90.08% > 88.98% > 87.60% 
 
Table 5. Forest Inventory and Analysis Land Cover Class definitions (USDA Forest 
Service 2012b, 2014). 
Codes are >10% vegetative cover: 
01 Treeland: Areas on which trees provide 10% or greater canopy cover and are 
part of the dominant (uppermost) vegetation layer, including areas that have been 
planted to produce woody crops. Only include tree species that can be tallied in 
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the region, i.e., that are on the regional species list.  Example areas include 
forests, forest plantations, reverting fields with >10% tree canopy cover, clearcuts 
with >10% tree canopy cover.  This category includes cypress swamps and 
mangroves (not to be confused with aquatic vegetation). 
02 Shrubland:  Areas on which shrubs or subshrubs provide 10% or greater cover 
and are part of the dominant (uppermost) vegetation layer, provided these areas 
do not qualify as Treeland.  Shrub/Subshrub — a woody plant that generally 
has several erect, spreading, or prostrate stems which give it a bushy appearance.  
This includes dwarf shrubs, and low or short woody vines (NVCS 2008) and 
excludes any species on FIA’s tree list.  Examples include cranberry bogs and 
other shrub-dominated wetlands, chaparral, and sagebrush. 
03 Grassland: Areas on which herbaceous vegetation provide 10% or greater cover 
and are part of the dominant (uppermost) vegetation layer, provided these areas 
do not qualify as Treeland or Shrubland.  This includes herbs, forbs, and 
graminoid species.  Examples include meadows and prairies.  Grazed land is also 
included, but not if the pasture is improved to such an extent that it meets the 
requirements for Agricultural Vegetation.  This category also includes emergent 
wetland vegetation like seasonally flooded grasslands, cattail marshes, etc. 
04 Non-vascular Vegetation:  Areas on which non-vascular vegetation provide 
10% or greater cover and are part of the dominant vegetation layer, provided 
these areas do not qualify as Treeland, Shrubland, or Grassland.  Examples 
include mosses, sphagnum moss bogs, liverworts, hornworts, lichens, and algae. 
05 Mixed Vegetation:  Areas with 10% or greater vegetative cover but no one life 
form has 10% or more cover.  That is, these areas do not qualify as Treeland, 
Shrubland, Grassland, or Non-vascular Vegetation, and thus are a mixture of 
plant life forms. Examples can include early stages of reverting fields and high 
deserts, 
06 Agricultural Vegetation:  Areas that are dominated by vegetation grown for the 
production of crops (food, non-woody fiber and/or ornamental horticulture), 
including land in any stage of annual crop production, and land being regularly 
cultivated for production of crops from perennial plants.  Agricultural vegetation 
shows a) rapid turnover in structure, typically at least on an annual basis, either 
through harvesting and/or planting, or by continual removal of above ground 
structure (e.g., cutting, haying, or intensive grazing), or b) showing strong linear 
(planted) features. The herbaceous layer may be bare at various times of the year 
(NVCS 2008). Examples include row crops and closely sown crops; sod farms, 
hay and silage crops; orchards (tree fruits and nuts, Christmas trees, nurseries of 
trees and shrubs), small fruits, and berries; vegetables and melons; unharvested 
crops; cultivated or improved pasture; idle cropland (can include land in cover 
and soil-improvement crops and cropland on which no crops were planted) (NRI 
Field guide).  When idle or fallow land ceases to be predominantly covered with 
manipulated vegetation, then it is no longer Agricultural Vegetation. 
07 Developed, Vegetated:  Areas predominantly covered by vegetation with highly-
manipulated growth forms (usually by mechanical pruning, mowing, clipping, 
etc.), but are not Agricultural.  This vegetation type typically contains an almost 
36 
 
continuous herbaceous (typically grass) layer, with a closely cropped 
physiognomy, typically through continual removal of above ground structure 
(e.g., cutting, mowing), and where tree cover is highly variable, or other highly 
manipulated planted gardens (NVCS 2008).  Examples can include lawns, 
maintained utility rights-of-way, office parks, and cemeteries. 
Codes are < 10% cover 
08 Barren:  Natural areas of limited plant life (< 10%).  Areas generally 
characterized by bare rock, gravel, sand, silt, clay, or other earthen material, with 
little or no "green" vegetation present regardless of its inherent ability to support 
life. Examples include naturally barren areas such as lava fields, gravel bars and 
sand dunes, as well as areas where land clearance has removed the vegetative 
cover.  Can include the natural material portions of quarries, mines, gravel pits, 
and cut or burned land <10% vegetation. 
09 Developed:  Areas predominantly covered with constructed materials with 
limited plant life (< 10%). Examples include completely paved surfaces like 
roads, parking lots and densely developed urban areas. 
10 Water:  Areas persistently covered and predominated by water and have <10% 
emergent vegetative cover. Examples include census and noncensus water and 
permanent snow and ice.  For example, only the open water portion of a bog is to 
be included. 
Codes are for photo interpreters only 
11 Shrub-Grassland:  For Photo Interpreters Only: Shrub-Grassland (unable to 
differentiate classes 02 and 03) 
12 No Photo Available:  For Photo Interpreters Only: No Available Photo 
Coverage 
 
Table 6. List of Forest Inventory and Analysis (FIA) mortality agents and Image-
based Change Estimation (ICE) change agents. 
 
Mortality/Change Agents 
FIA  ICE  
Insect Stress and mortality (insect or disease 
infestation) Disease Weather 
Fire Fire 
Silvicultural Activity Harvest Vegetation loss or removal 
Suppression or Competition 
Unknown 

















Figure 3. Land cover agreement matrices of all Forest Inventory and Analysis (FIA) 
and Image-based Change Estimation (ICE) land cover categories. Yellow cells 
indicate categories of disagreement in which the light yellow cells are just as likely 
and the dark yellow are more likely than the agreement cells. 
 













































































Treeland 1074 110 29 0 0 13 3 0 0 1229 1229 87.39%
Shrubland 214 1551 191 1 0 153 52 0 0 2162
Shrub/Grass 7 73 20 1 0 30 4 1 0 136
Mixed vegetation 20 40 12 0 0 6 1 0 0 79
Grassland 36 125 43 0 0 17 2 0 0 223
Agricultural vegetation 5 12 64 0 0 7 0 0 0 88
Non-vascular vegetation 0 0 0 0 0 0 1 0 0 1 1 0.00%
Barren 11 76 29 1 0 232 56 10 0 415 415 55.90%
Developed vegetated 18 10 11 0 0 0 1 0 0 40
Developed  14 12 23 0 0 4 4 1 0 58
Water 2 5 2 0 0 8 0 109 0 126 126 86.51%
Column Total 1401 2014 424 3 0 470 124 121 0 3191 4557
Group Total 1401 2014 424 3 0 470 124 121 0 4557


















































































Treeland 742 247 93 0 1 124 22 0 0 1229 1229 60.37%
Shrubland 48 1320 327 1 0 367 98 1 0 2162
Shrub/Grass 2 56 28 1 0 40 8 1 0 136
Mixed vegetation 6 30 18 0 0 15 10 0 0 79
Grassland 6 103 70 0 0 40 4 0 0 223
Agricultural vegetation 0 4 73 0 0 11 0 0 0 88
Non-vascular vegetation 0 0 0 0 0 0 1 0 0 1 1 0.00%
Barren 3 36 22 0 0 263 80 11 0 415 415 63.37%
Developed vegetated 8 8 18 0 0 1 5 0 0 40
Developed  2 6 23 0 0 13 13 1 0 58
Water 0 2 1 0 0 9 1 113 0 126 126 89.68%
Column Total 817 1812 673 2 1 883 242 127 0 2685 4557
Group Total 817 1812 673 2 1 883 242 127 0 4557





Image Based Change Estimation












































































Treeland 715 236 102 0 2 149 25 0 0 1229 1229 58.18%
Shrubland 59 1225 331 2 0 433 111 1 0 2162
Shrub/Grass 2 58 29 1 0 39 6 1 0 136
Mixed vegetation 4 30 16 0 0 20 9 0 0 79
Grassland 7 95 66 0 0 47 6 2 0 223
Agricultural vegetation 1 5 69 0 0 13 0 0 0 88
Non-vascular vegetation 0 0 0 0 0 0 1 0 0 1 1 0.00%
Barren 4 39 22 0 0 268 71 11 0 415 415 64.58%
Developed vegetated 7 6 18 0 0 4 5 0 0 40
Developed  3 1 12 0 0 16 25 1 0 58
Water 0 0 1 1 0 10 1 113 0 126 126 89.68%
Column Total 802 1695 666 4 2 999 260 129 0 2574 4557
Group Total 802 1695 666 4 2 999 260 129 0 4557








N∑ Xijri=1 − ∑ (Xi+ ∗ X+iri=1 )
N2 − ∑ (Xi+ ∗ X+iri=1 )
 
 
   Where: 
       N = Number of samples 
       Xij = Diagonal values 
       Xi+ = Column total 
       X+i = Row total 
       r = Number of categories 
 
Figure 4. Kappa Coefficient equation representing the difference between the actual 
agreement and the chance of a random agreement. Results range from -1 to 1 where 
0 indicates that the agreement is random, 1 indicates complete agreement and -1 





Figure 5. Land cover agreement matrices depicting all the available Forest 
Inventory and Analysis (FIA) and Image-based Change Estimation (ICE) plots 
where data was collected from 2011 NAIP imagery. Yellow cells indicate categories 










































t   
  




    
  
Barren 22 6 2 7 1 0 38 57.89%
Developed 0 2 6 7 0 0 15 13.33%
Other vegetation 5 1 18 7 0 0 31 58.06%
Shrub 51 7 48 281 17 1 405 69.38%
Tree 0 0 0 0 1 0 1 100.00%
Water 1 0 0 2 1 23 27 85.19%
Column Total 79 16 74 304 20 24 347 517















































t   
  




    
  
Barren 25 10 1 2 0 0 38 65.79%
Developed 3 2 5 5 0 0 15 13.33%
Other vegetation 6 1 20 4 0 0 31 64.52%
Shrub 87 18 72 222 5 1 405 54.81%
Tree 0 0 1 0 0 0 1 0.00%
Water 1 1 0 1 0 24 27 88.89%
Column Total 122 32 99 234 5 25 293 517
























































    
  
Barren 25 8 2 2 1 0 38 65.79%
Developed 4 3 6 2 0 0 15 20.00%
Other vegetation 8 1 20 2 0 0 31 64.52%
Shrub 99 19 77 203 6 1 405 50.12%
Tree 0 0 1 0 0 0 1 0.00%
Water 1 1 0 0 0 25 27 92.59%
Column Total 137 32 106 209 7 26 276 517











Figure 6. Land cover agreement matrices depicting all the available Forest 
Inventory and Analysis (FIA) and Image-based Change Estimation (ICE) plots 
where data was collected from 2014 imagery. Yellow cells indicate categories with 













































t   
  
    
  
Barren 124 28 20 30 2 4 208 59.62%
Developed 4 2 19 4 16 0 45 4.44%
Other vegetation 12 1 44 45 5 0 107 41.12%
Shrub 82 33 109 803 66 0 1093 73.47%
Tree 0 0 0 3 5 0 8 62.50%
Water 2 0 1 2 1 50 56 89.29%
Column Total 224 64 193 887 95 54 1028 1517


















































t   
  
    
  
Barren 138 39 13 14 0 4 208 66.35%
Developed 9 11 19 2 4 0 45 24.44%
Other vegetation 22 2 57 25 1 0 107 53.27%
Shrub 192 55 177 660 9 0 1093 60.38%
Tree 1 0 2 4 1 0 8 12.50%
Water 2 0 0 1 0 53 56 94.64%
Column Total 364 107 268 706 15 57 920 1517






















































    
  
Barren 142 35 13 14 0 4 208 68.27%
Developed 10 17 13 0 5 0 45 37.78%
Other vegetation 21 3 53 27 1 2 107 49.53%
Shrub 217 61 174 626 15 0 1093 57.27%
Tree 1 0 3 3 1 0 8 12.50%
Water 3 0 1 0 0 52 56 92.86%
Column Total 394 116 257 670 22 58 891 1517











Figure 7. Land cover agreement matrices depicting all available image- and field-
based Forest Inventory and Analysis (FIA) and Image-based Change Estimation 
(ICE) plots where data was collected from 2014 field-based data and 2014 imagery. 


















































Barren 124 28 20 32 4 4 212 58.49%
Developed 4 2 19 4 16 0 45 4.44%
Other vegetation 12 1 45 48 6 0 112 40.18%
Shrub 82 33 110 810 77 0 1112 72.84%
Tree 2 1 9 17 259 0 288 89.93%
Water 2 0 1 2 1 50 56 89.29%
Column Total 226 65 204 913 363 54 1290 1825






















































Barren 139 40 13 15 1 4 212 65.57%
Developed 9 11 19 2 4 0 45 24.44%
Other vegetation 22 2 59 28 1 0 112 52.68%
Shrub 193 55 179 670 15 0 1112 60.25%
Tree 20 3 24 61 180 0 288 62.50%
Water 2 0 0 1 0 53 56 94.64%
Column Total 385 111 294 777 201 57 1112 1825























































Barren 143 35 13 17 0 4 212 67.45%
Developed 10 17 13 0 5 0 45 37.78%
Other vegetation 21 3 55 30 1 2 112 49.11%
Shrub 221 61 177 635 18 0 1112 57.10%
Tree 29 6 24 54 175 0 288 60.76%
Water 3 0 1 0 0 52 56 92.86%
Column Total 427 122 283 736 199 58 1077 1825











Figure 8. Land use agreement matrices of all Forest Inventory and Analysis (FIA) 
and Image-based Change Estimation (ICE) land cover categories. Yellow cells 
indicate categories in disagreement where the light yellow cells are just as likely and 
the dark yellow are more likely. 



































































































Forest 2731 158 1 10 0 0 1 0 2 2 3 0 0 2908 2908 93.91%
Rangeland 756 3408 10 66 0 0 8 4 2 5 155 1 9 4424
Maintained wildlife opening 0 1 0 0 0 0 0 0 0 0 0 0 0 1
Wetland 0 13 8 0 0 0 0 0 0 0 12 1 0 34 34 23.53%
Agricultural land 2 7 0 21 0 0 0 0 0 0 0 0 0 30
Cropland 2 3 1 93 1 0 2 1 0 1 0 0 0 104
Pasture 9 15 0 17 0 0 1 0 0 0 0 0 0 42
Idle farmland 0 6 0 16 0 0 0 0 0 0 0 0 0 22
Windbreak/Shelterbelt 0 1 0 0 0 0 0 0 0 0 0 0 0 1
Developed 6 1 0 3 0 0 24 3 2 1 1 0 0 41
Cultural 3 3 0 8 0 0 64 2 2 0 0 0 0 82
Rights-of-way 25 13 0 3 0 0 6 8 1 0 0 1 0 57 57 14.04%
Recreation 10 8 0 0 0 0 0 0 0 0 1 0 0 19 19 0.00%
Mining 0 0 0 0 0 0 1 0 0 8 0 0 0 9 9 88.89%
Nonvegetated 24 335 1 2 0 0 9 1 0 2 212 1 29 616
Other 20 12 0 0 0 0 0 0 0 0 2 0 3 37
Beach 0 0 0 0 0 0 0 0 0 0 2 0 0 2
Non-census Water 1 1 1 0 0 0 0 0 0 1 0 0 0 4 4 0.00%
Census Water 1 6 2 0 0 0 8 0 0 0 16 2 183 218 218 83.94%
Column Total 3590 3991 24 239 1 0 124 19 9 20 404 6 224 6799 8651
Group Total 3590 3991 24 124 19 9 20 404 6 224 8651




























































































































Forest 2694 190 2 10 0 0 2 1 2 2 5 0 0 2908 2908 92.64%
Rangeland 603 3553 10 68 0 0 8 6 2 5 159 1 9 4424
Maintained wildlife opening 0 1 0 0 0 0 0 0 0 0 0 0 0 1
Wetland 0 13 8 0 0 0 0 0 0 0 12 1 0 34 34 23.53%
Agricultural land 2 7 0 21 0 0 0 0 0 0 0 0 0 30
Cropland 1 3 1 94 1 0 2 1 0 1 0 0 0 104
Pasture 9 15 0 17 0 0 1 0 0 0 0 0 0 42
Idle farmland 0 6 0 16 0 0 0 0 0 0 0 0 0 22
Windbreak/Shelterbelt 0 1 0 0 0 0 0 0 0 0 0 0 0 1
Developed 5 2 0 3 0 0 24 3 2 1 1 0 0 41
Cultural 3 3 0 8 0 0 64 2 2 0 0 0 0 82
Rights-of-way 23 13 0 3 0 0 6 9 2 0 0 1 0 57 57 15.79%
Recreation 9 8 1 0 0 0 0 0 0 0 1 0 0 19 19 0.00%
Mining 0 0 0 0 0 0 1 0 0 8 0 0 0 9 9 88.89%
Nonvegetated 16 343 1 2 0 0 9 1 0 2 212 1 29 616
Other 17 14 0 0 0 0 0 1 0 0 2 0 3 37
Beach 0 0 0 0 0 0 0 0 0 0 2 0 0 2
Non-census Water 0 1 1 0 0 0 0 0 0 1 1 0 0 4 4 0.00%
Census Water 0 6 2 0 0 0 8 0 0 0 16 2 184 218 218 84.40%
Column Total 3382 4179 26 242 1 0 125 24 10 20 411 6 225 6910 8651
Group Total 3382 4179 26 125 24 10 20 411 6 225 8651


























Figure 8. Cont. 
Image Based Change Estimation


































































































Forest 2688 193 2 10 0 0 2 3 2 2 5 1 0 2908 2908 92.43%
Rangeland 603 3537 12 67 0 0 9 16 2 5 160 2 11 4424
Maintained wildlife opening 0 1 0 0 0 0 0 0 0 0 0 0 0 1
Wetland 0 13 8 0 0 0 0 0 0 0 12 1 0 34 34 23.53%
Agricultural land 2 8 0 20 0 0 0 0 0 0 0 0 0 30
Cropland 1 2 1 94 1 0 2 2 0 1 0 0 0 104
Pasture 9 15 0 17 0 0 1 0 0 0 0 0 0 42
Idle farmland 0 6 0 16 0 0 0 0 0 0 0 0 0 22
Windbreak/Shelterbelt 0 1 0 0 0 0 0 0 0 0 0 0 0 1
Developed 4 2 0 3 0 1 23 4 2 1 0 1 0 41
Cultural 1 1 0 9 0 0 65 4 2 0 0 0 0 82
Rights-of-way 22 11 0 0 0 0 4 18 2 0 0 0 0 57 57 31.58%
Recreation 8 8 1 0 0 0 0 0 0 0 1 1 0 19 19 0.00%
Mining 0 0 0 0 0 0 1 0 0 8 0 0 0 9 9 88.89%
Nonvegetated 16 342 1 2 0 0 9 1 0 2 212 1 30 616
Other 17 14 0 0 0 0 0 1 0 0 2 0 3 37
Beach 0 0 0 0 0 0 0 0 0 0 2 0 0 2
Non-census Water 0 1 1 0 0 0 0 0 0 1 1 0 0 4 4 0.00%
Census Water 0 6 2 0 0 0 8 0 0 0 16 2 184 218 218 84.40%
Column Total 3371 4161 28 238 1 1 124 49 10 20 411 9 228 6896 8651
Group Total 3371 4161 28 124 49 10 20 411 9 228 8651


























Figure 9. Land use agreement matrices depicting all available Forest Inventory and 
Analysis (FIA) and Image-based Change Estimation (ICE) plots where data was 
collected from 2011 NAIP imagery. Yellow cells indicate categories in disagreement 



















































Census Water 25 0 1 0 1 1 0 28 89.29%
Cropland 0 15 0 0 0 2 0 17 88.24%
Developed 0 2 6 0 0 3 0 11 54.55%
Mining 0 0 0 1 0 0 0 1 100.00%
Other 4 0 0 0 15 19 0 38 39.47%
Rangeland 5 10 0 0 27 377 1 420 89.76%
Right-of-way 0 0 0 0 0 1 2 3 66.67%
Column Total 34 27 7 1 43 403 3 441 518

























































Census Water 25 0 1 0 2 0 0 28 89.29%
Cropland 0 15 0 0 0 2 0 17 88.24%
Developed 0 2 6 0 0 3 0 11 54.55%
Mining 0 0 0 1 0 0 0 1 100.00%
Other 4 0 0 0 15 19 0 38 39.47%
Rangeland 5 10 0 0 27 377 1 420 89.76%
Right-of-way 0 0 0 0 0 1 2 3 66.67%
Column Total 34 27 7 1 44 402 3 441 518


























































Census Water 25 0 1 0 2 0 0 28 89.29%
Cropland 0 15 0 0 0 2 0 17 88.24%
Developed 0 3 6 0 0 2 0 11 54.55%
Mining 0 0 0 1 0 0 0 1 100.00%
Other 4 0 0 0 15 19 0 38 39.47%
Rangeland 5 10 0 0 27 377 1 420 89.76%
Right-of-way 0 0 0 0 0 1 2 3 66.67%
Column Total 34 28 7 1 44 401 3 441 518











Figure 10. Land use agreement matrices depicting all the available Forest Inventory 
and Analysis (FIA) and Image-based Change Estimation (ICE) plots where data was 
collected from 2014 imagery. Yellow cells indicate categories in disagreement where 

























































Census Water 49 0 2 1 0 1 1 0 1 55 89.09%
Cropland 0 32 0 0 0 0 1 0 0 33 96.97%
Developed 0 5 29 1 0 0 0 1 0 36 80.56%
Forest 0 9 0 0 0 0 4 0 0 13 0.00%
Mining 0 0 0 0 4 0 0 0 0 4 100.00%
Other 11 0 3 4 0 83 102 1 0 204 40.69%
Rangeland 1 26 1 103 2 44 977 2 3 1159 84.30%
Right-of-way 0 2 1 0 0 0 1 1 0 5 20.00%
Wetland 0 0 0 0 0 1 2 0 1 4 25.00%
Column Total 61 74 36 109 6 129 1088 5 5 1176 1513































































Census Water 50 0 2 0 0 1 1 0 1 55 90.91%
Cropland 0 32 0 0 0 0 1 0 0 33 96.97%
Developed 0 5 29 1 0 0 0 1 0 36 80.56%
Forest 0 9 0 0 0 0 4 0 0 13 0.00%
Mining 0 0 0 0 4 0 0 0 0 4 100.00%
Other 11 0 3 2 0 83 104 1 0 204 40.69%
Rangeland 1 27 1 75 2 44 1003 3 3 1159 86.54%
Right-of-way 0 2 1 0 0 0 1 1 0 5 20.00%
Wetland 0 0 0 0 0 1 2 0 1 4 25.00%
Column Total 62 75 36 78 6 129 1116 6 5 1203 1513
































































Census Water 50 0 2 0 0 1 1 0 1 55 90.91%
Cropland 0 31 0 0 0 0 2 0 0 33 93.94%
Developed 0 5 30 0 0 0 0 1 0 36 83.33%
Forest 0 9 0 0 0 0 4 0 0 13 0.00%
Mining 0 0 0 0 4 0 0 0 0 4 100.00%
Other 11 0 3 2 0 83 104 1 0 204 40.69%
Rangeland 3 26 2 78 2 44 994 7 3 1159 85.76%
Right-of-way 0 0 0 0 0 0 1 4 0 5 80.00%
Wetland 0 0 0 0 0 1 2 0 1 4 25.00%
Column Total 64 71 37 80 6 129 1108 13 5 1197 1513











Figure 11. Land use agreement matrices depicting all available image- and field-
based Forest Inventory and Analysis (FIA) and Image-based Change Estimation 
(ICE) plots where data was collected from 2011 field-based data and 2011 NAIP 
imagery. The light yellow FIA rangeland cell marks ICE other category dis-


















































Census Water 22 0 0 0 5 2 0 29 75.86%
Cropland 0 19 2 0 0 7 1 29 65.52%
Developed 0 0 10 0 0 9 1 20 50.00%
Mining 0 0 0 1 0 0 0 1 100.00%
Other 1 0 1 0 21 18 0 41 51.22%
Rangeland 1 4 1 1 15 704 0 726 96.97%
Right-of-way 0 0 2 0 0 4 1 7 14.29%
Column Total 24 23 16 2 41 744 3 778 853
























































Census Water 22 0 0 0 5 2 0 29 75.86%
Cropland 0 19 2 0 0 7 1 29 65.52%
Developed 0 0 10 0 0 9 1 20 50.00%
Mining 0 0 0 1 0 0 0 1 100.00%
Other 1 0 1 0 21 18 0 41 51.22%
Rangeland 1 4 1 1 15 704 0 726 96.97%
Right-of-way 0 0 2 0 0 4 1 7 14.29%
Column Total 24 23 16 2 41 744 3 778 853

























































Census Water 22 0 0 0 5 2 0 29 75.86%
Cropland 0 18 2 0 0 7 2 29 62.07%
Developed 0 0 10 0 0 8 2 20 50.00%
Mining 0 0 0 1 0 0 0 1 100.00%
Other 1 0 1 0 21 18 0 41 51.22%
Rangeland 1 4 1 1 15 704 0 726 96.97%
Right-of-way 0 0 1 0 0 4 2 7 28.57%
Column Total 24 22 15 2 41 743 6 778 853











Figure 12. Land use agreement matrices depicting all available image- and field-
based Forest Inventory and Analysis (FIA) and Image-based Change Estimation 
(ICE) plots where data was collected from 2014 field-based data and 2014 NAIP 
imagery. The light yellow FIA rangeland cells mark ICE cropland, forest, and other 

























































Census Water 49 0 2 1 0 1 1 0 1 55 89.09%
Cropland 0 32 0 0 0 0 1 0 0 33 96.97%
Developed 0 5 29 1 0 0 0 1 0 36 80.56%
Forest 0 9 0 281 0 0 17 0 0 307 91.53%
Mining 0 0 0 0 4 0 0 0 0 4 100.00%
Other 11 0 3 4 0 83 102 1 0 204 40.69%
Rangeland 1 26 1 115 2 44 979 2 3 1173 83.46%
Right-of-way 0 2 1 0 0 0 1 1 0 5 20.00%
Wetland 0 0 0 0 0 1 2 0 1 4 25.00%
Column Total 61 74 36 402 6 129 1103 5 5 1459 1821































































Census Water 50 0 2 0 0 1 1 0 1 55 90.91%
Cropland 0 32 0 0 0 0 1 0 0 33 96.97%
Developed 0 5 29 1 0 0 0 1 0 36 80.56%
Forest 0 9 0 278 0 0 20 0 0 307 90.55%
Mining 0 0 0 0 4 0 0 0 0 4 100.00%
Other 11 0 3 2 0 83 104 1 0 204 40.69%
Rangeland 1 27 1 81 2 45 1010 3 3 1173 86.10%
Right-of-way 0 2 1 0 0 0 1 1 0 5 20.00%
Wetland 0 0 0 0 0 1 2 0 1 4 25.00%
Column Total 62 75 36 362 6 130 1139 6 5 1488 1821
































































Census Water 50 0 2 0 0 1 1 0 1 55 90.91%
Cropland 0 31 0 0 0 0 2 0 0 33 93.94%
Developed 0 5 30 0 0 0 0 1 0 36 83.33%
Forest 0 9 0 278 0 0 19 1 0 307 90.55%
Mining 0 0 0 0 4 0 0 0 0 4 100.00%
Other 11 0 3 2 0 83 104 1 0 204 40.69%
Rangeland 3 26 2 83 2 45 1002 7 3 1173 85.42%
Right-of-way 0 0 0 0 0 0 1 4 0 5 80.00%
Wetland 0 0 0 0 0 1 2 0 1 4 25.00%
Column Total 64 71 37 363 6 130 1131 14 5 1483 1821











Figure 13. Comparison of land cover change from time 1 to 2 using Image-based 
















































Tree 3261 12 9 2 0 0 0 3284 37.23% 23 0.26%
Shrub 0 3552 2 1 0 0 0 3555 40.30% 3 0.03%
Other vegetation 0 3 764 4 0 0 0 771 8.74% 7 0.08%
Barren 0 0 2 786 0 2 0 790 8.95% 4 0.05%
Developed 0 0 0 0 217 0 0 217 2.46% 0 0.00%
Water 0 1 1 8 0 194 0 204 2.31% 10 0.11%
Uninterpretable 0 0 0 0 0 0 1 1 0.01% 0 0.00%
Column Total 3261 3568 778 801 217 196 1 8822 47 0.53%
Time 2 Cover % 36.96% 40.44% 8.82% 9.08% 2.46% 2.22% 0.01%
Gain 0 16 14 15 0 2 0 47















































Tree 1998 2 6 6 2 0 0 2014 22.83% 16 0.18%
Shrub 0 3321 3 1 0 0 0 3325 37.69% 4 0.05%
Other vegetation 0 1 1269 6 2 0 0 1278 14.49% 9 0.10%
Barren 0 0 6 1558 3 2 0 1569 17.79% 11 0.12%
Developed 0 0 0 0 418 0 0 418 4.74% 0 0.00%
Water 0 1 2 9 0 202 0 214 2.43% 12 0.14%
Uninterpretable 0 0 0 0 0 0 4 4 0.05% 0 0.00%
Column Total 1998 3325 1286 1580 425 204 4 8822 52 0.59%
Time 2 Cover % 22.65% 37.69% 14.58% 17.91% 4.82% 2.31% 0.05%
Gain 0 4 17 22 7 2 0 52















































Tree 1896 4 9 2 1 0 0 1912 21.67% 16 0.18%
Shrub 0 3129 2 6 0 0 0 3137 35.55% 8 0.09%
Other vegetation 0 1 1290 8 0 0 0 1299 14.72% 9 0.10%
Barren 0 2 8 1777 2 2 0 1791 20.30% 14 0.16%
Developed 0 0 0 0 463 0 0 463 5.25% 0 0.00%
Water 0 1 2 10 0 205 0 218 2.47% 13 0.15%
Uninterpretable 0 0 0 0 0 0 4 4 0.05% 0 0.00%
Column Total 1896 3137 1311 1803 466 207 4 8824 60 0.68%
Time 2 Cover % 21.49% 35.55% 14.86% 20.43% 5.28% 2.35% 0.05%
Gain 0 8 21 26 3 2 0 60






Figure 14. Graphs comparing the total non-change plots by land cover and use 
categories and hierarchical, majority and point center Image-based Change 









































































































Figure 15. Graph of gains and losses of land cover categories from time 1 to 2 
depending on Image-based Change Estimation (ICE) compilation method.
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Figure 16. Comparison of land use change from time 1 to 2 using Image-based 










































































Forest 3706 0 0 0 0 0 0 0 0 0 15 1 3722 42.19% 16 0.18%
Wetland 0 23 0 0 0 0 0 0 0 0 1 0 24 0.27% 1 0.01%
Non-census Water 0 0 6 0 0 0 0 0 0 0 0 0 6 0.07% 0 0.00%
Census Water 0 0 0 225 0 0 0 0 0 0 0 1 226 2.56% 1 0.01%
Farmland 0 0 0 0 238 0 2 0 0 0 0 0 240 2.72% 2 0.02%
Other agriculture 0 0 0 0 0 1 0 0 0 0 0 0 1 0.01% 0 0.00%
Cultural 0 0 0 1 0 0 124 0 0 0 0 0 125 1.42% 1 0.01%
Rights-of-way 0 0 0 0 0 0 0 19 0 0 0 0 19 0.22% 0 0.00%
Recreation 0 0 0 0 0 0 0 0 9 0 0 0 9 0.10% 0 0.00%
Mining 0 0 0 0 0 0 0 0 0 19 1 0 20 0.23% 1 0.01%
Rangeland 1 0 0 0 3 0 0 0 0 1 4020 0 4025 45.62% 5 0.06%
Other 0 0 0 0 0 0 0 0 0 0 0 405 405 4.59% 0 0.00%
Column Total 3707 23 6 226 241 1 126 19 9 20 4037 407 8822 27 0.31%
Time 2 Use % 42.02% 0.26% 0.07% 2.56% 2.73% 0.01% 1.43% 0.22% 0.10% 0.23% 45.76% 4.61%
Gain 1 0 0 1 3 0 2 0 0 1 17 2 27

















































































Forest 3496 0 0 0 0 0 0 0 0 0 13 1 3510 39.79% 14 0.16%
Wetland 0 25 0 0 0 0 0 0 0 0 1 0 26 0.29% 1 0.01%
Non-census Water 0 0 6 0 0 0 0 0 0 0 0 0 6 0.07% 0 0.00%
Census Water 0 0 0 226 0 0 0 0 0 0 0 1 227 2.57% 1 0.01%
Farmland 0 0 0 0 242 0 2 0 0 0 0 0 244 2.77% 2 0.02%
Other agriculture 0 0 0 0 0 1 0 0 0 0 0 0 1 0.01% 0 0.00%
Cultural 0 0 0 1 0 0 125 0 0 0 0 0 126 1.43% 1 0.01%
Rights-of-way 0 0 0 0 0 0 0 24 0 0 0 0 24 0.27% 0 0.00%
Recreation 0 0 0 0 0 0 0 0 10 0 0 0 10 0.11% 0 0.00%
Mining 0 0 0 0 0 0 0 0 0 19 1 0 20 0.23% 1 0.01%
Rangeland 0 0 0 0 3 0 0 0 0 1 4212 0 4216 47.79% 4 0.05%
Other 0 0 0 0 0 0 0 0 0 0 0 412 412 4.67% 0 0.00%
Column Total 3496 25 6 227 245 1 127 24 10 20 4227 414 8822 24 0.27%
Time 2 Use % 39.63% 0.28% 0.07% 2.57% 2.78% 0.01% 1.44% 0.27% 0.11% 0.23% 47.91% 4.69%
Gain 0 0 0 1 3 0 2 0 0 1 15 2 24

















































































Forest 3485 0 0 0 0 0 0 0 0 0 15 1 3501 39.68% 16 0.18%
Wetland 0 27 0 0 0 0 0 0 0 0 1 0 28 0.32% 1 0.01%
Non-census Water 0 0 9 0 0 0 0 0 0 0 0 0 9 0.10% 0 0.00%
Census Water 0 0 0 229 0 0 0 0 0 0 0 1 230 2.61% 1 0.01%
Farmland 0 0 0 0 238 0 2 0 0 0 0 0 240 2.72% 2 0.02%
Other agriculture 0 0 0 0 0 2 0 0 0 0 0 0 2 0.02% 0 0.00%
Cultural 0 0 0 1 0 0 124 0 0 0 0 0 125 1.42% 1 0.01%
Rights-of-way 0 0 0 0 0 0 0 49 0 0 0 0 49 0.56% 0 0.00%
Recreation 0 0 0 0 0 0 0 0 10 0 0 0 10 0.11% 0 0.00%
Mining 0 0 0 0 0 0 0 0 0 19 1 0 20 0.23% 1 0.01%
Rangeland 0 0 0 0 3 0 0 1 0 1 4193 0 4198 47.57% 5 0.06%
Other 0 0 0 0 0 0 0 0 0 0 0 412 412 4.67% 0 0.00%
Column Total 3485 27 9 230 241 2 126 50 10 20 4210 414 8824 27 0.31%
Time 2 Use % 39.49% 0.31% 0.10% 2.61% 2.73% 0.02% 1.43% 0.57% 0.11% 0.23% 47.71% 4.69%
Gain 0 0 0 1 3 0 2 1 0 1 17 2 27











Figure 17. Graph of gains and losses of land use categories from time 1 to 2 
depending on Image-based Change Estimation (ICE) compilation method. 
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Figure 18a. Graph of the percent of plots changed by Image-based Change 
Estimation (ICE) change agent in Utah from 2011 to 2014. 
 
Figure 18b. Graph depicting the percent of plots changed by Image-based Change 
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Figure 19. Agreement matrix comparing Forest Inventory and Analysis (FIA) plots 
with mortality occurring from 2011 -2014 to Image-based Change Estimation (ICE) 
plots with change. Yellow cells indicate categories in disagreement where the cells 
are more likely than the agreement cells. 
 
 
Figure 20. Individual relationships between Image-based Change Estimation (ICE) 
and Forest Inventory and Analysis (FIA) categories of change and mortality agents. 
Darker yellow cells indicate a greater chance and lighter yellow to white cells 
indicate lesser chance. 
ICE Change (2011 to 2014)
Forest plots visited 




























































Insect/Disease 16 0 0 1 0 0 3 148 168
Weather 4 0 0 0 0 0 0 18 22
Fire 1 3 0 1 0 0 0 15 20
Silviculture 0 0 1 2 0 0 0 6 9
Suppression 0 0 0 0 0 0 0 18 18
Unknown 2 0 0 0 0 0 1 62 65
No Mortality 26 3 0 4 1 3 4 1487 1528 1528 97.32%
Column Total 49 6 1 8 1 3 8 1754 1830
Group Total 49 1754 1515
Percent Agreement 40.82% 84.78% 82.79%
0.12Kappa Coefficient = 
1215
46.67% 8.33%
Agreement Plots = 

















ICE Chance FIA FIA Chance ICE
Stress/Mortality 32.65% Insect/Disease Insect/Disease 9.52% Stress/Mortality
Stress/Mortality 8.16% Weather Insect/Disease 0.60% Vegetation loss/removal
Stress/Mortality 2.04% Fire Insect/Disease 1.79% Unknown
Stress/Mortality 4.08% Unknown Insect/Disease 88.10% No Change
Stress/Mortality 53.06% No Mortality Weather 18.18% Stress/Mortality
Fire 50.00% Fire Weather 81.82% No Change
Fire 50.00% No Mortality Fire 15.00% Fire
Harvest 100.00% Silviculture Fire 11.11% Stress/Mortality
Vegetation loss/removal 12.50% Insect/Disease Fire 5.00% Vegetation loss/removal
Vegetation loss/removal 12.50% Fire Fire 75.00% No Change
Vegetation loss/removal 25.00% Silviculture Silviculture 11.11% Harvest
Vegetation loss/removal 50.00% No Mortality Silviculture 22.22% Vegetation loss/removal
Natural Regeneration 100.00% No Mortality Silviculture 66.67% No Change
Development 100.00% No Mortality Suppression 100.00% No Change
Unknown 12.50% Unknown Unknown 1.54% Unknown
Unknown 37.50% Insect/Disease Unknown 3.08% Stress/Mortality
Unknown 50.00% No Mortality Unknown 95.38% No Change
No Change 84.78% No Mortality No Mortality 97.32% No Change
No Change 8.44% Insect/Disease No Mortality 1.70% Stress/Mortality
No Change 1.03% Weather No Mortality 0.20% Fire
No Change 0.86% Fire No Mortality 0.26% Vegetation loss/removal
No Change 0.34% Silviculture No Mortality 0.07% Natural Regeneration
No Change 1.03% Suppression No Mortality 0.20% Development





Figure 21. Graph depicting the re-evaluation of 327 plots from time 1 to time 2 to 
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